e Multiyear molecular epidemiological surveillance of multidrug-resistant Pseudomonas aeruginosa (MRPA) in a pediatric cystic fibrosis care center identified an endemic MRPA strain (Houston-1). Recent hospitalization was found to be a statistically significant risk factor for acquisition of the endemic strain. Multiple infection control improvements led to the reduced incidence of the Houston-1 strain in the CF population.
M
ultidrug-resistant Pseudomonas aeruginosa (MRPA) is a common respiratory pathogen found in patients with cystic fibrosis (CF) that routinely leads to chronic pulmonary infections (1, 2) . While the national annual average of MRPA infection in patients with CF in 2006 was 16%, the average annual percentage of MRPA infection for patients at the CF Care Center at Texas Children's Hospital (TCH) in Houston, Texas, was 30.1% (1) . This trend toward an increased prevalence of patients with a MRPA infection at TCH remained present through the latest CF center-specific data for 2010 with a center-specific MRPA infection prevalence of almost twice the national average (3) . Infection with MRPA, rather than a susceptible strain, has been associated with high risk of death or lung transplantation. Molecular typing of P. aeruginosa strains in CF populations has repeatedly revealed endemic or epidemic (clonally related) strains (4-10), and infection with specific P. aeruginosa epidemic strains has been implicated in increased patient morbidity (5, 8, (11) (12) (13) . Identification of risk factors for acquisition of a specific MRPA clone or information regarding outcomes for patients infected with a specific MRPA clone would be valuable tools for health care providers and infection control practitioners.
In 2004, initial rep-PCR-based molecular typing pilot project studies of MRPA in the CF population at TCH identified an endemic strain (Houston-1) present in half of the MRPA isolates tested. The Houston-1 strain persists in the patient population, but several improvements in infection control practices have led to decreased incidence of this endemic MRPA strain. Multiyear molecular epidemiological surveillance has allowed for the monitoring of infection patterns within the patient population, provided key data for additional studies pertaining to risk factors and patient outcomes, and served as a quality improvement metric for the CF Care Center at TCH.
Respiratory specimens such as sputa, throat/nasal cultures, or bronchoalveolar lavages were collected from a total of 71 patients (out of approximately 325 patients cared for at the center) during visits to the CF clinic and as part of inpatient care from 2004 to 2009 (1, 14) . Only those patients with a confirmed MRPA infection and who had previously consented to participate in the national CF Patient Registry were included in the study. Routine culture was performed on multiple media (blood agar, chocolate agar, MacConkey agar, BC [Burkholderia cepacia] agar, CNA agar [Columbia agar with colistin and nalidixic acid], and CHROMagar Staph aureus), and antibiotic susceptibility testing for all P. aeruginosa isolates was performed by disk diffusion on MuellerHinton plated medium. MRPA was defined as being resistant to all antibiotics that were routinely evaluated in two or more of the following groups: aminoglycosides (tobramycin, gentamicin, and amikacin), fluoroquinolones (ciprofloxacin), and beta-lactams (ceftazidime, meropenem, piperacillin, ticarcillin-clavulanate, and aztreonam) (15) . Within the Houston-1 group, there was variation in the antibiotic susceptibility profiles, with some found to be pan-resistant but most found to be resistant to two of the three groups. Multiple MRPA isolates were collected from each patient over the course of the study, and molecular profiles were compared over time. Patients identified as members of the Houston-1 group consistently produced the same molecular profiles.
Bacterial DNA was extracted from bacterial cells using the Mo Bio UltraClean microbial DNA kit (Mo Bio Laboratories, Inc., Solana Beach, CA). Rep-PCR was performed using the DiversiLab Pseudomonas fingerprinting kit (bioMérieux, Durham, NC) according to the manufacturer's instructions, and the amplified products were loaded into the DNA LabChip and size fractionated by microfluidics and electrophoresis in the Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA) (16). DiversiLab 3.1 software was utilized for subsequent analysis of molecular profiles by the Pearson correlation coefficient and the unweighted-pair group method with arithmetic mean (UPGMA) to compare the presence or absence of amplified fragments and the intensity of each fragment.
Isolates from 32 patients (45%) were found to be members of the Houston-1 group, and the remaining 39 patients (55%) yielded isolates that were classified as a strain other than Houston-1. For isolates to be considered members of an MRPA clonal group, a threshold of 95% or greater similarity was used (17) . The molecular profiles and dendrogram are displayed in Fig. 1 with the scatterplot representation presented in Fig. 2 .
While no differences were observed for most demographic and clinical variables, including outpatient clinic visits, statistical analysis highlighted the differences in timing of hospitalization prior to MRPA infection in the two groups. Logistic regression identified recent hospitalization as a statistically significant risk factor for infection with the Houston-1 strain as opposed to the other strains (P ϭ 0.035), whereby infection with the Houston-1 strain was four times more likely than infection with any of the other strains if the patient was hospitalized Յ90 days prior to infection (Table 1) . Patients hospitalized 91 to 180 days prior to infection were three times more likely to belong to the Houston-1 group (P ϭ 0.113). These findings are consistent with prior reports from CF centers in the United Kingdom and Australia, whereby hospitalization was implicated as a risk factor for epidemic strain acquisition (9, 18) . Patients in the Houston-1 group also spent an average of 12 more days in the hospital in the year prior to MRPA infection compared to those infected with another strain.
Since no other clone has established a significant cluster of infected patients, the proliferation of the Houston-1 strain during a period of several years supports the potentially increased transmissibility of this endemic strain in this particular patient care environment. Previous analysis of Australian epidemic strains in the CF population suggested that protease activity and differential gene expression may play a role in the increased infectivity of the strains (19, 20) . The potentially increased transmissibility of the Houston-1 strain further reinforces the need for rigorous infection control standards. Following the confirmation of the existence of the endemic strain in 2006, our hospital has improved several facets of infection control practices for patients with CF, including contact isolation for all inpatients until final culture results are obtained, immediate placement into an exam room for known contact isolation patients in the outpatient clinic, and greater accessibility to gowns and gloves for all care providers. These changes appear to have diminished the incidence of patients becoming infected with the Houston-1 strain (see the supplemental material).
These results further confirm the clinical utility of molecular typing as a tool for epidemiological surveillance in patients with cystic fibrosis. By identifying an endemic or epidemic MRPA strain in the CF population, molecular typing enables health care providers to investigate possible sources of transmission and evaluate transmissibility of the identified strain. In addition, stratifi-
FIG 1
The endemic Houston-1 strain depicted by a dendrogram. The dendrogram is a hierarchical tree representation that uses group averages to display relative similarities or clusters of the isolates. Each patient in the report data set is assigned a key number by the online report generator, and the "Pt ID" column represents the anonymous identifier assigned to each patient for the study. The vertical line delineates the 95% similarity cutoff, and the box identifies the Houston-1 strain. Isolates with a molecular profile that is Ն95% similar to all other isolates within a group indicate a cluster of interest. The Houston-1 group is the largest and most significant cluster identified in the complete data set.
cation of patients based on molecular typing results would allow determination of differences in patient morbidity associated with infection with particular strains, which in turn would provide information on potential virulence of the strain. The discovery of an endemic strain in this CF care center resulted in improved infection control practices with respect to both clinic processes and inpatient protocols, and a decrease in the number of patients infected with the endemic strain was realized at the end of the data collection period for this study. Continued monitoring by molecular typing will enable us to determine if this trend continues, and further diligence in infection control based on the data provided by this study should allow for the elimination of common sources of multidrug-resistant Pseudomonas aeruginosa infections in patients with cystic fibrosis. 
